A home water purifier was used to remove radioactive iodine and cesium from rainwater contaminated with the radioactive materials released by the Fukushima Daiichi Nuclear Power Plant accident following the earthquake and tsunami in 2011. To prevent internal radiation exposure, the rainwater was satisfactorily decontaminated by a simple method using the pitcher type water purifier, which is widely available to the general public. However, the results indicate that the ability for purification by the home water purifier will be reduced significantly if the water is not filtered by some method before the water purifier is used, especially in the case of natural water containing suspension matter.
The other sample (sample B) was collected on May 4 at Yotsukura, Iwaki city, Fukushima Prefecture. Sample B included the rainwater that fell on May 3, 2011.
In addition, two kinds of simulated radioactive cesium contaminated water were prepared with commercially obtained 
Water Purifier
A pitcher type of home water purifier, Cleansui CP002 (Mitsubishi Rayon Cleansui Co., Ltd.) was used in this work.
The filter cartridge (lot Nos. 10.B and 11.A) of the water purifier consists of activated carbon, ceramics, and a hollow fiber membrane filter. Before use, the water purifier was conditioned according to the purifier operation manual. We used ultra pure water instead of tap water in the conditioning.
Decontamination procedure of rainwater and simulation water
First, the radionuclide included in the suspended matter was examined. Specifically, 150 mL of the rainwater of sample A was decanted and filtered with Advantec No. 5A filter paper (f 110 mm) under reduced pressure. Then, 100 mL of the filtrate and the original rainwater were bottled separately. Their g-ray spectra and also the filter paper were observed with an ORTEC GMX series coaxial high-purity Germanium semiconductor detector. The detector was shielded with lead of thickness 100 mm, copper of thickness 5 mm, and acrylic of thickness 5 mm.
Examinations of decontamination by using the home water purifier were performed for both rainwater samples filtered by the method described above. First, the purifier (lot No. 10.B) was treated with approximately 150 mL of sample water filtered with No. 5A filter paper. The filtrate in this operation was discarded to prevent dilution of the saved sample water by the ultra pure water used beforehand in the conditioning. This operation was repeated three times in total.
Then, approximately 750 mL of the filtrate after filtration with No. 5A filter paper was treated as decontamination. After that, 100 mL of the treated water was bottled and g-rays of the radioactive nuclides were measured with the detector. The remaining treated water was decontaminated with the purifier again. After the second treatment, 100 mL of water was bottled and the radioactivity was measured. This operation was repeated and the treatment with the home water purifier was performed five times in total. The g-ray measuring time for each sample was 40-60 min for sample A and 10-24 h for sample B.
Decontamination for simulated solutions A and B was car-
ried out with the same procedure used for the rainwater samples and another purifier (lot No. 11.A). Then, the radioactivity of each sample was measured for 20 min. whereas the peaks of those nuclides are found in the spectrum for the filtrate, as shown in Fig. 1(b) and (c). When these three g-ray spectra are compared, it is also recognized that the relative ratio of peak intensity of 131 I to that of 134 Cs and 137 Cs on the filter paper became remarkably small. These indicate that radioactive cesium of some quantity formed insoluble species, whereas tellurium and iodine existed in soluble form in the rainwater. In another report, measurements on the different particle size distributions of atmospheric particles of radionuclides collected in Tsukuba city showed that the particle size of enriched cesium was 2 or 3 mm and most particles of 131 I enriched in solid form were less than 1 mm, although a large amount of 131 I existed in gaseous form 4) . If the particle size of enriched radioactive cesium had been 2 or 3 mm, the particles might not have been held on the filter paper, since the nominal rating for filtration of the Advantec No. 5A filter paper is 7 mm 5) . In other words, some cesium particles would adhere to the suspended matter. Tables 1(a) and (b) summarize the decontamination efficiency for radioactive iodine and cesium of the rainwater samples by filtration using the filter paper. The percentage of removal for cesium was much larger than that for iodine. This result indicates that radioactive cesium, to some extent, was unable to penetrate the filter paper, for example, by adsorbing strongly suspended materials. On the other hand, all 137 Cs in simulated solutions A and B, in which cesium would be in the cation state, penetrated the filter paper, as shown in Table 2 .
Results and Discussion
The percentages of decontamination using the home water purifier for the rainwater samples after filtration are summarized in Table 3 , 97% of 131 I in sample A was removed by one-time decontamination using the water purifier. The removal rate of 99% for 131 I was achieved by decontamination using the purifier once again. However, 1% of radioactive iodine remained, even when the same operation was repeated more than three times. As an extension of this experiment, solvent extraction using the same volume of carbon tetrachloride or diethyl ether was conducted after this purification process, and most of the radioactive iodine was left in the water phase. Because the concentration of 131 I in original sample B was very low, the radioactivity after the first treatment was not able to be determined (i.e., concentration was less than 0.003 Bq/mL). For this reason, the data of decontamination for 131 I in sample B is not listed in Table 4 .
For sample A, removal of 94% of 137 Cs was achieved after the first decontamination treatment using the purifier, as shown in Table 3 . Concentrations of 134 Cs and 137 Cs in the filtrates after repeated operations were not able to be determined because of the rather low counting rate, as found for 134 Cs after the first operation. Estimation using the value of the detection limit (0.005 Bq/mL) showed that more than 97% of 137 Cs was removed in the second trial. Assuming that the density of the puri- Fig. 1. (a) The g-ray spectra of original rainwater sample A, (b) the filtrate of sample A after filtration with No. 5A filter paper, (c) the filter paper used in the filtration. The spectra were measured on April 12, 2011, at 14:22 (ΔT = 2,636 s), 15:08 (ΔT = 2,715 s), and 23:24 (ΔT = 18,000 s), respectively.
the detection limit, 0.005 Bq/mL (5 Bq/L), is lower than the Japanese government's new standard threshold for radionuclides in drinking water, 10 Bq/kg 6) . Therefore, to prevent internal radiation exposure, it can be said that radioactive cesium was satisfactorily decontaminated by using the home water purifier for concentrated water sample A. However, for sample B, approximately 60%-70% of radioactive cesium was removed in the first decontamination operation, as shown in Table 4 . The rise in the decontamination rate after the second decontamination operation was not recognized, although the concentrations of 134 Cs and 137 Cs in the original sample B were much lower than those in the original sample A and the concentration of total radioactive cesium in the filtrate after the first operation using the purifier was less than the new standard limit for radiocesium. Table 5 summarizes the percentages of decontamination using the water purifier for simulated solutions A and B after filtration.
As shown in Table 5 , the decontamination efficiency for simulated solution B is distinctly lower than that for simulated solu- In other words, the majority of radiocesium in small insoluble particles will be removed by that the small particles adsorb to the water purifier. However, the fine particles which adhered to the water purifier will interfere with ionic radiocesium adhering to the purifier. For these reasons, it is thought that the removal rate of radiocesium in sample B might be low and the rate might be not raised even if decontamination operation was repeated.
This indicates that it is important that contaminated natural water must be filtered before a household water purifier, which is used originally to purify tap water, is used for decontamination of radioactive materials.
The results in the present work indicate that the majority of radioactive cesium released from the Fukushima Daiichi Nuclear Power Plant existed as insoluble particles even in rainwater, and the particles were adhesive. Some of the radioactive cesium would exist in soluble form and its ratio would increase when it was released gently rather than explosively.
Conclusion
In the present work, a home water purifier was used for the removal of radioactive iodine and cesium from rainwater contaminated with radioactive materials released from the nuclear power plant accident in 2011. In this attempt to avoid internal radiation exposure, radioactive materials in the rainwater were satisfactorily decontaminated by a simple and easy operation.
However, it is important to note that the ability of the household water purifier will be reduced significantly if the water is not filtered by some method before use, especially in the case of natural water with suspension matter.
